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Abstract 
Sex determination is a vital part of the analysis of skeletal
remains and the creation of biological profiles that aid in identifi-
cation. The pelvis and skull are the regions usually employed by
anthropologists and produce very good results. However, the
mandible, being a very durable bone and frequently preserved has
not received the attention that other skeletal elements have. There
are some morphological methods for sexing the mandible, howev-
er metrics are considered to be more objective and easier to repli-
cate. This study uses the measurements of the bimental breadth
and the corpus thickness of the mandible. Univariate and multi-
variate analysis was carried out to create discriminant function
equations. These equations can be used to sex a mandible with
overall accuracy rates as high as 77.3%. The results of the present
research are similar to those of other studies and indicate that
mandibular metrics can be relied upon for sex determination,
especially in cases where other elements are not preserved.
Introduction
Sexual dimorphism is exhibited in human adult skeletons in
both size and shape. Determining the sex of skeletal remains is
important as several aspects of an anthropological analysis such as
age and stature, rely on the sex of an individual being known.1
Dimorphism is used to determine the sex of an individual for the
purpose of creating biological profiles for unidentified skeletal
remains in forensic cases, but also in palaeodemographical contexts
in order to draw conclusions about past populations. A variety of
metric and non-metric methods have been developed to determine
sex in human skeletal remains.2 The objective of these studies was
to develop methods that in addition to being accurate, they are easy
to use, and are not subject to inter- and intra-observer error. 
The pelvis provides the highest rate of accuracy for sex deter-
mination in adults that can reach 96%.3,4 An example of such a
method is that developed by Phenice,5 which is widely used and
has been tested on various populations. The skull, after the pelvis,
is the skeletal region most frequently used for sex determination.
However, Weiss6 states that there is a bias that leads to females
being misidentified as males due to past populations exhibiting
larger, more robust crania. He goes on to warn researchers who
use the skull as a sole means for sex determination to do so with
extreme caution. Walker7 devised a method that uses morphologi-
cal traits and created a five-point ordinal graded system of mor-
phological observations on the cranium and mandible. As an alter-
native to morphological methods, discriminant function analysis
is also used, by employing cranial measurements to determine sex
and is considered to be more objective. In addition, it has been
demonstrated that metric methods have lower intra- and inter-
observer error rates. One of the disadvantages however, is that dis-
criminant function analysis is highly population-specific and can
cause high error rates when used for cross-population observa-
tions.3,8 Another limitation with using the cranium for sexing is
that it is often fragmented, both in archaeological and modern con-
texts. In contrast, the mandible is generally more durable and thus
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is usually better preserved.9,10 One of the morphological sexing
methods of the mandible that can be used in isolation is the poste-
rior mandibular ramus flexure.11 A basic requirement of this
method is that the posterior part of the mandible is preserved,
which is not always the case as the anterior part is more robust and
has a better preservation rate.12 The accuracy rates of the original
study were claimed to have been as high as 99%, surpassing both
the skull and pelvis in correct sex determination. However, subse-
quent studies have failed to achieve such high accuracy rates.13,14
In addition, archaeological contexts demonstrate that the pelvis
and cranium may be fragmented or may not be present as a result
of funerary customs, differential preservation, improper recovery
and curation as well as numerous other taphonomic factors. It is
therefore essential to be able to obtain information from a variety
of skeletal elements by taking a combination of several measure-
ments from one bone, or a series of measurements from different
bones.15,11 The research into the determination of sex from skeletal
elements has proven successful in many bones including: the
hyoid,16 ulna,17 sternal end of the rib,18 metacarpals,19 and the
metatarsals.20 .In regards to sex determination from the mandible,
two recent studies have been conducted by Franklin et al.21 and
Kumar and Lokanadham,22 with accuracy rates ranging from 75%
to 84%. Both of these studies employ several measurements which
require that the mandible is intact. 
The purpose of this study is to explore the feasibility of
developing a new method using only two measurements of the
mandible to make determination of sex more objective, accurate
and reliable. This is particularly important for cases of extensive
bone fragmentation and cremations, where traditional sex indica-
tors may not be available. This project can be considered to be a
pilot study on this topic. 
Materials and Methods
The osteological material selected for this study originates
from two British Medieval sites, Poulton and Gloucester.23,24 Both
collections are currently housed at Liverpool John Moores
University (LJMU). The final selection of suitable specimens
included 76 skeletons across both sites: 16 males and 24 females
were selected from Poulton, 24 males and 12 females from
Gloucester. Inclusion criteria were limited to the mandibles
belonging to adults and absence of any pathologies that would
have affected the measurements. Any postmortem alteration to the
mandibles was not taken into consideration, unless it interfered
with the accuracy of the measurements. The specimens from both
collections were grouped together, classified as British Medieval.
Sex was not known, but was estimated using a multifactorial
analysis by experienced LJMU staff.25 All specimens possessed
both mental foramina; only two cases showed multiple foramina
on one side of the mandible and the true foramen was anatomically
determined.
Measurements 
For the purpose of this study, two measurements were taken
from the mandible: bimental breadth and corpus thickness of the
left and right sides (Figure 1). Bimental breadth is the linear dis-
tance between the medial borders of the mental foramina.26 The
bimental breadth was measured for all 76 skeletal samples using
digital sliding callipers (ca. 0.01 mm). The corpus thickness is the
maximum measurement in the region of the mental foramen per-
pendicular to the long axis of the mandibular body according to
Martin and Saller26 and Buikstra and Ubelaker25 The corpus thick-
ness was also measured using digital callipers. The left corpus
thickness was measured in 73 specimens and the right corpus in 70
specimens due to post-mortem damage. All measurements were
taken in millimetres (mm). In order to ensure the consistency of the
measurements and minimise inter-observer error, an osteometric
protocol was adopted.27
Intra-observer error
A total of 25 (approximately 30%) of skeletons were randomly
selected for the purpose of determining the intra-observer error for
the measurements. The bimental breadth, left corpus thickness and
right corpus thickness were recorded twice on separate days using
digital callipers and employing the same methodology. The second
set of measurements was taken two weeks after the first, by the
same observer and under the same conditions. 
Statistical tests
IBM SPSS statistics (IBM Inc. version 21 for Windows) soft-
ware was used to carry out the statistical analysis. Normality tests
showed that the data follow a normal distribution. Descriptive sta-
tistics, Student’s t-tests and discriminant function analysis were
performed. Intra-observer error was determined using a paired t-
test for significant difference in the mean bimental breadth and
corpus thickness between the initial and repeated measurements.
The left and right corpus thickness measurements were tested
using a paired t-test to ascertain whether there is a significant dif-
ference between the two sides. A lack of differences between left
and right sides would allow the use of an average corpus thickness
value. To determine whether the two measurements are sexually
dimorphic, an independent t-test was performed to detect possible
differences between males and females in the medieval sample
used in this study. 
Discriminant function analysis was performed to determine the
groupings between males and females within a British Medieval
skeletal population. Three discriminant functions were performed,
both univariate and multivariate. The discriminant functions per-
formed were: Function 1: Bimental Breadth; Function 2: Average
Corpus Thickness; Function 3: Bimental Breadth and Average
Corpus Thickness.
The discriminant function analysis could not be performed on
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Figure 1. Measurements for bimental breadth (BMB) and
mandibular corpus thickness (MCT) (drawing by F.G. Borrini).
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all individuals because of missing values due to damage in the area
near the mandibular foramen. The analysis was only carried out for
the individuals without missing data that is required for specific
functions. 
The discriminant function used was:
F(X) = C + U1X1 + U2X2 +…..+ U0X0
F(X) = Discriminant function score
C = Constant
U = Unstandardized coefficients of X
X = Variables
The canonical discriminant functions were then used to create
the equation by which to determine sex using the mandibular met-
rics tested in this study. The sectioning point was found using the
group centroids:
Sectioning Point = Male group centroid + Female group centroid / 2
Results
One of the first tests to be performed was a t-test in order to
determine whether there are any side differences for the corpus
thickness measurement. The results indicated that no statistically
significant differences exist (t(67)= -0.280, P= 0.780). Therefore,
all further analyses use the average corpus thickness measurements
for each skeleton.
Intra-observer error
As the measurements were normally distributed it was decided
to use the t-test. This is a robust test that can be used even when
not all of the assumptions are met, as long as the samples are of
similar size. The paired t-test for significance shows that the
bimental breadths did not show a statistically significant difference
between the first and second set of measurements taken. Similarly,
the corpus thickness test shows that there was no significant differ-
ence in the two sets of measurements. 
Sexual dimorphism
Independent t-tests were used to determine whether there is a
statistically significant difference between males and females for
both the bimental breadth and the average corpus thickness measure-
ments. An independent t-test shows that females have a mean bimen-
tal breadth (42.75 ± 2.09 mm) that is statistically significantly small-
er than the mean bimental breadth of the males (45.75 ± 2.74 mm),
t(74)= -5.312, P<0.001 (Table 1). Likewise, it is shown that females
have a mean corpus thickness (10.52 ± 1.01 mm) that is statistically
significantly smaller than the mean corpus thickness of the males
(11.54 ± 1.52 mm), t(66.384)= -3.443, P= 0.001 (Table 1).
Discriminant function analysis 
The discriminant function analysis provided unstandardized
coefficients and group centroids (Table 2). Sex determination
requires a formula in order to acquire a discriminant function
score. To generate this score the variables are multiplied with their
respective unstandardized coefficients and the results are added
along with the constant. The discriminant function score is then
compared to the sectioning point in order to determine the sex of
the skeletal specimen. If the score is below the sectioning point the
individual is female, if the score is above the sectioning point then
the individual is male.
Using the information in Table 2 the discriminant equations for
functions 1-3 were generated:
F(1) = [0.408 * Bimental Breadth (mm)] - 18.072
Female < -0.032 < Male
                             Article
Table 1. Descriptive statistics for mandibular measurements and significance of differences in the values of the British Medieval sample
used in this study (all values in mm).
Measurement                             Female                      Male                                          P-value
                                                                 Mean                   SD                          Mean                   SD                                     
Bimental breadth                                                       42.75                          2.09                                  45.75                          2.74                                         <0.001
Average corpus thickness                                        10.52                          1.00                                  11.54                          1.52                                           0.001
Statistically significant at P<0.05.
Table 2. Canonical discriminant function coefficients for mandibular measurements.
Functions                                                                     Unstandardized coefficients* Group centroids                 Sectioning point°
                                                                                                                                                    Male           Female
Function 1: Bimental breadth
Bimental breadth                                                                                                       0.408                                            0.578                  -0.642                                   -0.032
(Constant)                                                                                                                  -18.072
Function 2: Average corpus thickness
Average corpus thickness                                                                                        0.772                                            0.381                  -0.412                                  -0.0155
(Constant)                                                                                                                   -8.535
Function 3: Bimental breadth and average corpus thickness
Bimental breadth                                                                                                       0.335                                            0.626                  -0.678                                   -0.026
Average corpus thickness                                                                                        0.289
(Constant)                                                                                                                  -18.050
*Unstandardized canonical discriminant functions evaluated at group means; °discriminant score less than sectioning point is female.
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F(2) = [0.772 * Average Corpus Thickness (mm)] - 8.535
Female < -0.0155 < Male
F(3) = [0.335 * Bimental Breadth (mm)] + [0.289 * Average
Corpus thickness (mm)] -18.050
Female < -0.026 < Male
A univariate (functions 1 and 2) and multivariate (function 3)
approach was taken to determine the accuracy rate of using the
bimental breadth and the corpus thickness in determining the sex
of human skeletal remains. The discriminant function analysis uses
the measurements to determine and predict the groupings of males
and females within the sample. These predictions are used to iden-
tify the percentage of correctly classified specimens and the accu-
racy rates of the discriminant function (Table 3). 
The average corpus thickness was plotted against bimental
breadth to observe the distribution between males and females.
Figure 2 shows the sexes according to the anthropological assess-
ment carried out by morphological and metric methods of the
pelvis and skull, while Figure 3 shows the sexes determined by the
discriminant function analysis (function 3).
Discussion
Skeletal sex determination is usually a straight-forward
assessment for an experienced anthropologist. However, there
are cases where the state of preservation of the remains does not
allow for this part of the analysis to be completed. It is therefore
essential that in addition to the traditional morphological meth-
ods using the pelvis and skull, more skeletal elements are used.
This is particularly important in cases of advanced fragmentation
or cremation from both ancient/historical and modern contexts.
While fragmentation is common in archaeological settings, cre-
mation can be found in both ancient and modern funerary prac-
tices. It is also not uncommon for murderers to try to conceal
their crimes by using fire in order to destroy evidence, including
the bodies of victims.28 The potential of using measurements of
the mandible has been explored in the present study. Several
authors have suggested that mandibular metrics may be a viable
solution for the determination of sex.29,21,22 Survival of the ante-
rior portions of the mandible is common in most cases, as
opposed to the posterior parts which are usually affected early on
in the process of cremation.30
The results of this study are promising, with the discriminant
function analysis showing that both bimental breadth and corpus
thickness measurements can be used to determine the sex of an
individual successfully and accurately. The univariate analysis
showed that function 1 using only the bimental breadth (73.7%) is
more accurate than function 2 using only the corpus thickness
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Table 3. Accuracy of classification results of the sample.
Functions                                                                          Predicted group membership                                    Total average (%)
                                                                             Male                       Female
                                                                                         N                 %                              N                 %
Bimental breadth                                                                                28/40                 70.0                                  28/36                 77.8                                            73.7
Average corpus thickness                                                                 25/39                 64.1                                  26/36                 72.2                                            68.0
Bimental breadth + average corpus thickness                            28/39                 71.8                                  30/36                 83.3                                            77.3
Figure 2. The distribution of sexes according to the anthropolog-
ical assessment carried out by morphological and metric methods
of the pelvis and skull.
Figure 3. The distribution of males and females based on predict-
ed group membership from discriminant function analysis.
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(68%). However, when both measurements are used in combina-
tion the overall accuracy rates reach 77.3%. 
The results show that males are more often misclassified than
females: females achieved accuracy rates ranging from 72.2% -
83.3% and males achieved accuracy rates ranging from 64.1% -
71.8%. This contradicts the statement by Weiss6 who reported
that females were often misclassified as males within archaeolog-
ical contexts due to the robusticity of the samples. It is possible
that this has to do with the fact that the statement by Weiss was
in reference to morphological methods. What was most surpris-
ing was that females produced accuracy rates around 10% higher
than males. This is seen in the case of Function 3, where the cor-
pus thickness and average bimental breadth are being used in
combination. 
Identification of sex is a vital step in skeletal examinations.
The flexibility to use different bones and fragmented bones is
important, especially in forensic contexts. While there are many
methods for the morphological assessment of skeletal remains,
they are subjective and prone to high inter-observer error rates.
Metric analysis is objective, enabling the reduction of inter- and
intra-observer error. However, the difficulty in understanding the
landmark and measurement definitions leads to metric analysis not
being utilised as often as visual assessment.31
Most methods of sex determination using metrics on the
mandible omit samples if there is tooth loss, bone resorption or
pathologies on the basis that these conditions will affect the results.
The sample used for this study contained some mandibles that had
moderate levels of resorption, and in a few cases, abscesses; but
none of these changes affect the location of the landmarks used in
the method proposed. In addition, the promising accuracy rates
achieved indicate that age and presence of dental pathologies play
no role in the sexing of the mandible using these measurements. A
further study on a larger sample would provide more solid evi-
dence to support the proposed method.
Conclusions
While it was established that the method works and equations
can be generated for the British Medieval population studied,
improvements could be made through further research. For exam-
ple, the study of the method on a different collection may help
determine whether this technique is population-specific, or it can
have a broader application. The addition of more measurements
could potentially increase the overall accuracy rate of sex determi-
nation from the mandible; however this would probably be useful
only if the mandible is complete. This study shows that bimental
breadth and corpus thickness measurements are successful in the
determination of sex in human skeletal remains: the measurements
are quick and easy to obtain and produce promising results when
used independently or in combination with each other. 
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